Genomic architecture of risk loci
associated with autoimmunity




More than 25 common alleles in the general
population contribute to SLE susceptibility

Table 1 | The main systemic lupus erythematosus candidate genes+!

Gene

Approximate Potential function

OR*

MHC class Il region
MHC class |l region

IRF5
ITGAM
STAT4
PTPN22
TNFAIP3
TNFSF4
FCGR3B

FOGR2A
TNIP1
IRAK1 or MECP2
ATGS
UBE2L3
BANK1
PHRF1
PXK
PRDM1
JAZF1
UHRF1BP1
IL10

=2.0
=2.0
15-20
1.2-15
1.2-15
1.2-15
1.2-15
1.2-15
1.2-15
1.2-15
1.2-15
1.2-15
1.2-15
1.2-15
<1.2
<1.2
<1.2
<1.2
<1.2
<1.2
<1.2
<1.2

Unknown gene or genes

Antigen presentation

Innate immune signaling and lymphocyte activation—T cealls
Antigen recognition and immune complex proces sing
Innate immune signaling and lymphocyte activation—T cells
Lymphocyte activation—T cells

Innate immune signaling

Lymphocyte activation—T cells and B cells

Antigen recognition and immune complex proces sing
Lymphocyte activation—B cells

Antigen recognition and immune complex proces sing
Innate immune signaling

Innate immune signaling (IRAK1) or methylation (MECP2)
Autophagdy/apoptosis

Ubiquitination

Lymphocyte activation—B cells

Unknown

Unknown

Unknown

Unknown

Unknown

Immune signaling

*Strong genetkc effect, OR >2.1; moderate effact, OR 1.2-2.0; weak effect, OR <1.2. Abbreviations: MHC, major

histocompatibliity complex; OR, cdds ratio.

Nat. Rev. Rheumatol. 2010

Common allele — weak effect
paradigm:

Combinations of common alleles
(>0.1) in the population cause
disease

Many (50-1007?) genes
associated, but all have weak
effects

Disease susceptibility caused by
cumulative effect of many genes



Detection of disease allele with linked
markers
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From Balding, Nat. Rev. Genetics, 2006



Tagging SNPs and LD blocks
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alleles needed to identify causative
genetic variations...




Population sequencing of LD blocks to identify
causal genetic variants of autoimmune disease

*Paired-end 80/100 bp sequencing using the lllumina GAllx/HISEQ 2000

*Targeted resequencing of ~10 Mb of genome in 88 LD blocks using
custom designed SureSelect capture arrays

*Produced ~1 Gigabase of high quality, targeted sequence/sample



Identification of sequence variations

* Sequenced 194 Caucasian SLE patients and matched
controls for 25 risk loci with an average of 107 fold
coverage of non-repetitive regions

* Assembled with BWA-GATK pipeline to HG19 reference
human genome

* Called SNPs and Indels using Unified Genotyper
— SNPs/Indels found in any sample assessed in all samples

— Developed hard filters to screen data for quality and
accuracy by concordance estimates with Immunochip data

— Developed variant calling pipeline with 99.2% concordance
for Immunochip calls
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Sequence coverage of targeted risk loci

. Total region Region Fold % 1X No-n'- Non-Repetitive %15X
Region Name . repetitive
size Coverage Coverage region Fold Coverage Coverage

ATGS 149342 59.55 87.54 86773 86.79 91.83
Bank1l 338212 64.70 87.37 207075 90.21 91.18
BLK 213474 87.37 91.98 146074 110.49 94.32
ETS1 64548 105.61 96.48 51817 118.55 95.87
IKZF1 265152 78.18 77.69 163433 113.64 92.77
IRFS 228276 62.07 82.44 120948 98.93 91.85
IRF7 135041 55.11 81.44 85076 78.74 75.91
ITGAM 159999 48.90 62.80 56449 116.09 94.08
JAZF1 459898 87.06 90.44 311333 112.74 93.50
LYN 197059 73.70 82.73 100826 122.94 95.61
MECP2-IRAK 123088 57.86 82.54 69107 89.92 88.64
MSHS 75834 70.33 83.13 46283 102.64 89.27
NCF2 135998 81.49 90.21 87941 109.20 92.35
PRDM1 72998 98.32 94.11 51678 123.72 97.14
PTPN22 58895 51.31 80.78 27561 89.52 91.46
PTTG1 68031 95.95 91.15 43603 129.32 95.55
PXK 95260 79.21 85.82 53394 122.33 96.53
SCUBE1 296563 71.54 90.24 200825 92.63 89.89
STAT4 124748 65.80 82.77 68977 103.33 93.56
TLR7; TLR8 65679 77.88 89.74 43495 103.67 95.67
TNFAIP3 309999 85.84 87.33 190076 120.71 96.24
TNFSF4 251863 73.64 84.65 146587 108.55 94.83
TNIP1 71998 97.27 95.69 54952 114.86 93.56
UBE2L3 82786 68.93 74.49 38722 127.62 91.44
XKR6 322217 87.68 91.66 217741 113.54 94.96

Dataset Totals 4,366,958 75.44 86.0% 2,670,746 107.58 93.09%




PCA analysis of Affy 6.0 Hapmap 270 samples and our 194 Caucasians

® EV = 18.6065, Population =="'CEU' ® EV = 18.6065, Population == 'CHB' ® EV = 18.6065, Population =="JPT'
® EV = 18.6065, Population =='YRI' ® EV = 18.6065, Population == 'study'_
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Defining potentially functional variations
within the dataset



Definition of potentially functional
variants

* Variant located in genomic region with annotated
functional characteristics

— NSC, SC, coding del, or frame shift

— Other annotated genomic regions: TFBS, CpG islands,
3" or 5" UTR, splice sites, DH sites, miRNA, ncRNA, etc.
 eQTL analysis
— 62 lymphoblastoid cell lines analyzed by RNA-SEQ and
targeted genomic sequencing

— 2036 potentially functional cis-eQTL SNPs detected
among 25 genomic intervals assayed (~12%)



Regions

ATG5
Bankl
BLK
CTLA4
ETS1
IKZF1
IRF5
IRF7
ITGAM
JAZF1
Lyn
MECP2-IRAK
MSH5
NCF2
PRDM1
PTPN22
PTTG1
PXK
SCUBE1
STAT4
TLR7_TLR8
TNFAIP3
TNFSF4
TNIP1
UBE2L3
XKR6

Chr Coordinates

chr6:106630352-106779695
chr4:102709764-103047977
chr8:11249633-11463108
chr2:204731509-204738683
chr11:128328656-128393205
chr7:50217647-50482800
chr7:128543678-128771955
chr11:557342-692384
chr16:31240000-31400000
chr7:27803576-28263475
chr8:56790386-56987446
chrX:153264333-153387422
chr6:31687008-31762843
chr1:183433757-183569756
chr6:106530806-106603805
chr1:114356438-114415334
chr5:159846208-159914240
chr3:58316617-58411878
chr22:43491269-43787833
chr2:191892306-192017055
chrX:12880079-12945759
chr6:138000000-138310000
chr1:173147870-173399734
chr5:150398485-150470484
chr22:21904834-21987621
chr8:10737657-11059875

Genes

1
1
4
1
1
1
5
9
2
3
2
2
9
3
1
2
2
1
5
1
2
1
2
2
2
1

Known
variations
(dbSNP 132)

307
799
1226
16
182
682
574
370
222
1370
478
100
150
243
203
67
228
323
1244
216
123
779
598
294
127
1292

Novel

219
492
668
12
157
511
335
290
185
1001
284
160
106
214
147
72
125
188
669
158
93
546
355
135
105
778

Identification of 4030 potentially functional variations in
annotated regions of 25 LD blocks in 192 Caucasians

Potential
functional

60
47
573
8
94
275
231
221
116
135
260
82
148
108
142
28
159
85
246
59
56
378
128
151
66
174

25 LD blocks 4,366,958 bB 66 12213 8005 4030



Variations

Variations

Characteristics of sequence variations identified by targeted sequencing
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Defining allelic architecture of SLE
risk loci
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—Haplotype
Typed marker locus Unobserved causal locus

From Balding, Nat. Rev. Genetics, 2006



Analytical strategy

107 SLE cases and 85 controls (selected for high
content of risk alleles)

ldentify genomic segment in tight LD with fine-
mapped tagging SNPs

ldentify all potentially functional SNPs in tight LD
with tagging SNP

Define all haplotypes and develop median
neighbor joining network of alleles

Overlay functional and disease-association
parameters



ITGAM (CD11b) is located in a strong LD block spanning a ~120 KB
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46 potentially functional SNVs in tight LD with ITGAM tagging SNP
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Sixteen ITGAM haplotypes formed among 384
chromosomes
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B lymphocyte kinase (BLK) located in genomic segment with multiple LD blocks

Scale 188 Kb} { heig
chrs: | 11260000| 11270000| 11280008| 11220008| 11300008| 11310000| 11320000| 11330008| 11340008| 11356000| c:lssasa:.,al 11370008| 11380008| 11390000| 11400000| 11410008| 11420008| 11430000| 11440000| 11450008| 11450008|
OMMOnSNPS
commonshes I I 1ENE1I LIUAI TR YR LR TRV OTUYIE LTV THCETR Y TR TLTTEL R0 L TTER T T 1 U T AT IIIIlIII Igllll nII"_II | I_Itllg I!I IEINENEN 0 0 s e v e uw e ne e i wemer o e vorr o
2 iat jon:
ESA| RF| RF| so| so| EsA|  R| R| Al RF| F| RF| RF| RF| RF| EIA| sc| so| R| sD| sA| Pl
R| R| so| EsA|  sA| sA| RF| RF| RF| RF| sc| sc| S| RF|
sD| RF | R aa R RF| sc| sc| so|  sA|
s0| EsA| Pl so|
SLE/GHAS SNQ
P52062030_GWAS | rs7512579_SLE | Ps1600249_GWAS_E | rs2248932_SLE inp |
PS2736346_SLE inp_E |
r513277113_SLE inp_E | o
rs922453_SLE_E | GWAS P~ 10 10
PS2756G45_SLE_E |
52615476_SLE inp ~
ReFsen cenes Odds ~1.4
CBOrF12[1khsrrsrs S F333r0005 P13 I e F3333 300 BLK Bttt fosaapapedot e e L .
FAM157A m— "
H3K27AC Mark (Often Found Near Active Regulatory Elements) on 7 cell lines from ENCODE
-1 - e NN - aiha _
Digital DNasel Hupersensitivity Clusters from ENCODE

lase Clusters Lt ne . meommmon [ | e fmn nm [ ANI L | Wim i LU I || woniea 1 om w0 orrm 1 [

Transcription Factor ChIP-seq from ENCODE
| Factor ChIP nme vl mm 1 1 | I I I I i ! . | (L1 | n " I i | e 1

imple Nucleotide Folumorphisms (dbSNP 18S) Found in >= 12 of Samples
ion SNPsCa3S) | ININII PRI 1 000 TN EANRR 000000 O O [ ] IIIIIIIIIIIIIIIIIIII'!IIIIIILI_II IE]IIIIIIIt[ IILIIIIIIIIIII(_IMIIIII‘I(IIIIIIIIIIIIIIIII Ly 1L LU U 1IN T RN LI TR ORI
epeat ing ements peatMasker

Repeatiasker || NI I | 1 NUNN WO U0 NN NNIRE (D RN CNRUEED N N WURRNETUI M WU WO N AW NN U MEU LU T NI 00 O]O_ T W 0w R N WU R

[ AL
B

#il 1
A

I

N




Scale S kb} | hei9
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Summary and Future Directions

« GWAS tagging SNPs often identify multiple functional haplotypes
that form a complex series of risk and resistant haplotypes

— We are expanding the study set to >1500 patients and controls and
* Assess the association of specific haplotypes with disease
* Assess the role of minor variants in disease pathogenesis

— We will integrate data from the 1000 genomes project into the
haplotype analysis

* Functional variations responsible for disease allele associations
are commonly associated with combinations of SNVs

— We will expand the sample size of the eQTL panel
— We will develop dynamic eQTL panels for monocyte cell lineages
— We will develop a detailed isoform, ncRNA, and miRNA database

* eQTL SNPs in tight LD with tagging SNPs can be associated with
transcriptional changes in genes that are not in tight LD
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